We consider the critical properties of the two-point resistance and its fluctuations due to microscopic noise in a randomly diluted resistor network near the percolation threshold p c . We introduce a n×m replicated Hamiltonian in order to treat separately the configuration average over the randomly occupied bonds denoted [ ] av and the average over probability distribution function of the fluctuating microscopic bond conductance, denoted { } f . We evaluate a family of exponents {ψ l } (l=2,3,. . .) whose values are 1+O(ε) with ε=6-d where d is the spatial dimensionality. Each ψ l governs the critical behavior of the lth cumulant of the resistance between the sites x,x' conditionally averaged subject to the sites being in the same cluster such that C¯R (l) 
I. INTRODUCTION
Pl(r) = -x(1+r)I2vp (1.2) A different relation of this type is obtained in the following paper. " Thus the status of the x"has many ramifications.
In this paper, we will develop a field theory for a ran- 
we obtain in the limit 6/op&~1
Note that R(p, L) is the average of the two-point resistance R(x, x') over the choice of the probe sites x and x' rather than the configuration average of the resistance of a sample which is placed between two (equipotential) bus bars. Since near p"Xp(x, x';c) obeys the scaling relation,
(2.14)
where the g"'s are undetermined scaling functions. A somewhat more elaborate analysis to be presented in Sec.
III predicts where X (x, x'):-[v(x, x';c)], " is the susceptibility function for percolation. We may also consider conditional averages of higher-order cumulants of the resistance
Note that the cumulants have been defined with respect to an average over f whereas the moments are defined with respect to average over the configurations c.
In the following section, we will develop a field theory, by which we can calculate the resistance and its fluctuations near the percolation threshold p, . It will be shown in Sec. III that the moments and cumulants of the resistance have the following scaling form near p, : C~' '(x, x')X~(x, x') = - [v~(x, x')Cz'"(x, x') ]," the conditionally averaged resistance and its cumulants defined in Eqs. (2.5) and (2.7) simply by:
where E~is defined by 
(3.14)
Notice that since we choose a Gaussian distribution, Eq. with the coefficient of each of these terms. We will not calculate these exponents in this paper. We find that the averaged order parameter correlation function Ggx, x') has the following scaling form near p, :
(3.21) Here 
